Objective-The strong association between ventricular arrhythmia and ventricular dysfunction is unexplained. This study was designed to investigate a mechanism by which a change in ventricular loading could alter the time course of repolarisation and hence refractoriness. A possible mechanism may be a direct effect of an altered pattern of contraction on ventricular repolarisation and hence refractoriness. This relation has been termed contractionexcitation feedback or mechano-electric feedback.
Abstract
Objective-The strong association between ventricular arrhythmia and ventricular dysfunction is unexplained. This study was designed to investigate a mechanism by which a change in ventricular loading could alter the time course of repolarisation and hence refractoriness. A possible mechanism may be a direct effect of an altered pattern of contraction on ventricular repolarisation and hence refractoriness. This relation has been termed contractionexcitation feedback or mechano-electric feedback.
Methods-Monophasic action potentials were recorded from the left ventricular endocardium as a measure of the time course of local repolarisation. The Valsalva manoeuvre was used to change ventricular loading by increasing the intrathoracic pressure and impeding venous return, and hence reducing ventricular pressure and volume (ventricular unloading).
Patients-23 patients undergoing routine cardiac catheterisation procedures: seven with no angiographic evidence of abnormal wall motion or history of myocardial infarction (normal) , five with a history of myocardial infarction but with normal wall motion, and 10 with angiographic evidence of abnormal wall motion-with or without previous infarction. One patient was a transplant recipient and was analysed separately.
Setting-Tertiary referral centre for cardiology.
Results-In patients with normal ventricles during the unloading phase of the Valsalva manoeuvre (mean (SD)) monophasic action potential duration shortened from 311 (47) ms to 295 (47) ms (p < 0-001). After release of the forced expiration as venous return was restored the monophasic action potential duration lengthened from 285 (44) ms to 304 (44) ms (p < 0-0001). In the group with evidence of abnormal wall motion the direction of change of action potential duration during the strain phase was normal in 7121 observations, abnormal in 6/21, and showed no clear change in 8/21 . During the release phase 11/20 observations were normal, five abnormal, and four showed no clear change. In those with myocardial infarction four out of five patients had changes that resembled those with normal ventricles but the changes were less pronounced. There were no differences in any of the three groups between the changes in monophasic action potential duration in patients taking f blockers and those who were not. The changes in monophasic action potential duration in the transplanted heart resembled those in the group with normal ventricles. Inflections on the repolarisation phase of the monophasic action potential consistent with early afterdepolarisations were seen in three of the patients with abnormal wall motion and in none of those with normal wall motion.
Conclusions-These results are further evidence that changes in ventricular loading influence repolarisation. When wall motion was abnormal the effects on regional endocardial repolarisation were often opposite in direction to those when it was normal. Thus regional differences One possible mechanism may be a direct effect of ventricular loading on the time course of repolarisation and hence refractoriness. This mechanism is known as contractionexcitation feedback'6 (or mechano-electric feedback).
A change in the normal time sequence of repolarisation alters local electrical gradients and is potentially arrhythmogenic.1" It is known that areas of myocardium where wall motion is abnormal contract differently from normal areas.'819 It would be expected therefore that the effect on repolarisation time in abnormally contracting and normally contracting areas of myocardium would be different. In the presence of abnormal wall motion local electrical gradients may be generated which might play a part in the initiation of arrhythmias in these circumstances.
Several studies have examined contractionexcitation feedback in some detail and such feedback has been shown in isolated tissues,20 isolated hearts,2'2' and whole animals.2' 2425 In general these studies have shown that increasing myocardial stretch/strain or increasing loading conditions result in shortening of action potential duration (ie repolarisation time)'6 2' altered refractoriness22 24 26 Group 1-Those with no demonstrable angiographic abnormality-that is, normal (n = 7).
Group 2-Those with normal wall motion but a history of myocardial infarction and therefore possible abnormality of left ventricular wall motion not detectable by the methods used in this study (n = 5).
Group 3-Those with angiographic evidence of abnormal left ventricular wall motion either with or without previous history of myocardial infarction (n = 10).
The transplant patient was analysed separately. The study was approved by the hospital ethics committee and informed consent obtained. 
Reflex autonomic effects may cause an "overshoot" above control levels of blood pressure (phase IVB).
During the Valsalva manoeuvre there were considerable changes in the time course of repolarisation in the recordings of endocardial monophasic action potential coincident with the changes in blood pressure. Figure 2 shows the changes typical of monophasic action potential in a patient with no angiographic evidence of abnormal wall motion (group 1). During the strain phase (B) the monophasic action potential duration shortened and subsequently increased after release (C). Action potential duration was measured at 90% repolarisation.
In group 3 (those with regional wall abnormalities) there were 21 observations during the strain phase and 20 during the release phase. DI)uring the strain phase the direction of change Table 2 Monophasic action potential duration (ms) (mean (SD)) at 90% repolarisation at 70% repolarisation and peak systolic pressure (mmHg) at phases I, IIA, III, IVA and IVB of the Valsalva manoeuvre for patients with no abnormal wall motion and no history of previous myocardial infarction (group 1), those with previous history of myocardial infarction but normal wall motion (group 2), patients with abnormal wall motion (group 3), and for all three groups. Strain (29) 234 (28) _0 242 (27) 0n009
41 (29) Figure 5 again represents the progressive development of "afterdepolarisations" in another patient from this group which culminates in a ventricular extrasystole.
We compared the changes in monophasic action potential duration for each of the phases of the Valsalva manoeuvre in patients taking # blockers with those who were not. The only significant difference was during phase IIA in patients in group 1 (p < 003) and combined groups 1 and 2 (p < 0-04)-that is, all patients without abnormal wall motion.
We studied one additional patient who had received a donor heart six months previously. The changes in monophasic action potential duration in this patient were not included in the statistical analysis. However, monophasic action potential duration changed in a manner similar to those in group 1. Two Valsalva manoeuvres were recorded. The aortic pressure record was almost identical for both runs.
In figure 6 the aortic pressure tracing is shown together with beat by beat changes in monophasic action potential duration at 90% and 70% repolarisation for the strain phase (from run one) and the release phase (from run two). potentials during the early strain phase. During this strain phase the monophasic action potential duration shortened progressively as aortic pressure fell.
Discussion
Abnormal left ventricular wall motion is a major predictor of sudden cardiac death' 2 that is often considered to be the result of arrhythmia.f The mechanism for this relation remains undefined. We Arrhythmia in patients with coronary heart disease and congestive heart failure is probably multifactorial,"5 with deaths in some instances being due to electromechanical dissociation. In addition to contraction-excitation feedback (or mechano-electric coupling) other important factors may be myocardial fibrosis and hypertrophy54 activation of the sympathetic nervous system or hypokalaemia induced by a renin angiotensin system55 diuretic," together with the arrhythmogenic effect of drug treatment such as digoxin and some antiarrhythmic agents. Studies of an animal model of doxorubicin induced heart failure suggest an inherent mechanism not related to mechanical or any of the above effects.57 Our results, however, support the possibility that mechanically induced electrophysiological changes could play a part in these clinical situations. 58 Our study confirms that potentially arrhythmogenic changes in action potential duration and excitability in humans may be produced by load changes that are within physiological ranges59 and that changes in ventricular loading change the time course of repolarisation. An important finding was that such changes could be in opposite directions in patients with normal wall motion and patients with abnormal wall motion. These data suggest that the presence of abnormal wall motion may induce electrophysiological changes by contractionexcitation feedback and this may provide a link between the unexplained association between arrhythmia and impaired left ventricular function.
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